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Retirement is one of the most important later-life status transitions related to changes in
workforce participation, lifestyle, and social roles among older adults. The purpose of this
study was to investigate the impact of retirement on depressive symptoms by gender in mid-
dle-aged and older adult Koreans, using a large, nationally representative sample.
Methods
Using year 2010 and 2012 data from the Korea Longitudinal Study of Aging, we investigated
the relationship between adults’ retirement status and depressive symptoms measured by
the 10-item Center for Epidemiological Studies–Depression (CES-D10) scale. A series of
propensity score matching models were calculated to test the potential retirement effect on
adults’ depressive symptoms.
Results
Overall, the level of depressive symptoms of the retired group was not different from that of
the employed counterpart. In gender-stratified models, the gain of CES-D10 scores in the
retired group was higher than that of the employed group for males, which was in the oppo-
site direction among females. However, the propensity score matching model showed that
the relationship between retirement status and CES-D10 score gain was significant for
males but not for females.
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Conclusions
Our study reinforces the assertion that retirement could worsen depressive symptoms and
could differ by gender. Intervention programs focused on the mental health of retired men
need to be actively developed and widely implemented.
Introduction
Retirement is one of the most important later-life status transitions related to changes in work-
force participation, lifestyle, and social roles among older adults [1, 2]. Retirement may be
associated with poor mental status, including depression, due to reducing the financial stability
[3], losing work role and social networks [4], or feeling the gap between the social norms of
workforce participation and retirement age [5]. On the other hand, some retired people may
feel relief from the pressures of work. They are able to pursue their own interests, and have
more autonomy, which could in turn affect their depressive symptoms positively [6], thus,
yielding controversial results according to a number of empirical studies. Some researchers
suggest that retirement increases the risk of depressive symptoms [3, 7–9], whereas other stud-
ies did not observe any association [10], and others reported a decrease in depression after
retirement [11–13].
Gender is a key contextual factor influencing the retirement transition because women and
men have different workforce attachments [14]. As breadwinners, for instance, men consider
work to have a central role in their lives and have a much more continuous employment
career. As homemakers, on the other hand, women typically leave the workforce because of
marriage or the birth of their children; therefore, they remain out of the labor force, and some
even become full-time mothers [15, 16]. Although women’s participation in the labor market
has increased recently [17], we would expect that men and women after retirements might
experience very different consequences in terms of their mental health problems. For example,
men were reported to be substantially stronger than women in the association between retire-
ment and psychological distress [8, 18]. Lee and Smith [8] found a considerable difference in
depression rates in men who retired (24% compared to the currently employed 6%); little dif-
ference in the level of depression has been shown among women (29% for retired compared to
16% for the currently employed).
Most studies examining the relationships between retirement and depressive symptoms by
gender have focused on developed Western countries, and in-depth investigations among
Asian populations are limited. Therefore, a population-based study in Korean middle-aged or
older people may be helpful in clarifying the association between retirement and depression.
Furthermore, most prior studies of retirement have been cross-sectional in nature. However,
differences in psychological well-being by retirement status at one point in time may or may
not reflect changes in psychological well-being as individuals move from employment to
retirement over their life. Dynamic, longitudinal analyses are essential to assess whether snap-
shot distinctions between retirees and the employed capture any effects of the actual retire-
ment transition. The purpose of this study was to investigate the impact of retirement on
depressive symptoms by gender in middle-aged and older adult Koreans, using a large, nation-
ally representative sample.
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Methods
Data
In this secondary data analysis, we used data from the Korean Longitudinal Study of Ageing
(KLoSA). KLoSA asked a series of questions to adults aged from 45 or older at the time of the
first interview (2006), regarding multiple facets of their lives, including socio-demographic
characteristics, family relationship, health-related issues, and employments. Fully anonymized
data from years 2010 and 2012 were combined and used in this analysis. There were 7,920 and
7,486 participants from year 2010 and 2012 periods of KLoSA, respectively, of which 7,134
were included in the final analysis. Only the data from these two waves were used because
using data from two different time points from the same respondents was critical for the pro-
pensity score matching to be utilized in this analysis. Also, 2010 was the year for the third wave
of the KLoSA, which would be expected to produce more reliable observations. This study was
approved by the Institutional Review Board of the Seoul Women’s University (IRB-2015A-33)
with a waiver for informed consent because the data were obtained from a public data
depository.
Variables
The retirement variable in 2012 was created using questions related to respondents’ employ-
ment status in a way that measured whether a respondent experienced her/his retirement
between years 2010 and 2012. We coded the retirement variable of a respondent as 1 if she or
he answered “not retired” (i.e., currently working or currently not working but looking for
jobs) in 2010 and answered “retired” in 2012, and as 0 otherwise.
Respondents’ level of depression was measured using the Korean version of the 10-item
Center for Epidemiological Studies–Depression (CES-D10) scale. CES-D10 is composed of 10
questions asking about respondents’ experiences of depressive symptoms during the past
week, using a 4-point frequency rating scale [i.e., 0 = rarely (less than one day); 1 = sometimes
(from one to two days); 2 = often (from three to four days); 3 = at all times (from five to seven
days)]. Respondents’ depression scores were obtained by the total score of the 10 items, which
ranged from 0 to 30, with a higher score meaning more severe depressive symptoms. The
internal consistency reliability of the CES-D10 scale was measured by Cronbach’s alpha, which
ranged from 0.861 in 2010 to 0.853 in 2012.
Respondents’ age was calculated using their report of birth year. Respondents’ education
level was self-reported and categorized as elementary level or lower, middle school graduate,
high school graduate, and college graduate or higher. Gender (0 = male; 1 = female), marital
status (0 = currently not married; 1 = currently married), self-rated health status using a
5-point scale (1 = very bad; 5 = very good), and living area (0 = not urban; 1 = urban) were
self-reported.
Statistical analysis
Propensity score matching (PSM) has been widely used to estimate causal treatment effects
when experimental designs with randomization were not feasible [19]. It is not deemed realis-
tic to assign study participants randomly to either a retirement group or a nonretirement
group in our study; hence, we used a PSM approach to examine the influence of retirement on
middle-aged or older adults’ level of depressive symptoms. PSM allows us to contrast the level
of depressive symptoms of those who experienced retirement and did not experience it but
who were considered to have the same or nearly the same probability from retirement (pro-
pensity) based on a wider range of relevant characteristics such as age, gender, education level,
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marital status, living area, health status, and level of depression. We calculated the average
treatment effect on the treated (retirement) group to test whether retirement status was associ-
ated with a respondent’s level of depression. Stata 13.2 (StataCorp LP, College Station, Texas)
was used to manage and analyze the data for this study.
Results
Comparison between retired and employed groups
Table 1 summarizes the comparison of retired and employed groups in terms of their levels of
depressive symptoms measured by CES-D10 scores. Results showed that overall, the CES-D10
scores of the retired group were not different from those of the employed group in both 2010
(t = 0.47, p = 0.640) and 2012 (t = 1.24, p = 0.213) or, in terms of the gain of CES-D10 scores,
the difference of 2012 scores from 2010 scores (t = 0.68, p = 0.494).
However, results from a gender-stratified analysis of the same relationship revealed that, for
males, the gain of CES-D10 scores from the retired group [mean (SD) = 1.14 (5.11), 95% CI =
(0.56, 1.72)] was indeed higher than the same of the employed group (t = 3.86, p< 0.001). For
females, we found a significant difference between the retired and employed groups (t = 2.82,
p = 0.005) but in the opposite direction. Specifically, among the females who retired between
2010 and 2012, the CES-D10 scores decreased in the same period [mean (SD) = –0.93 (5.05),
95% CI = (–1.54, -0.32)] (Table 1).
PSM model
We used a set of relevant covariates, including age, gender, marital status, education level, self-
rated health status, urban/rural status of the residential area, and CES-D10 score in 2010 to
predict propensity scores of retirement between 2010 and 2012. Table 2 shows the balance
between retirement and non-retirement groups in terms of the covariates considered in this
analysis that are shown before and after the propensity score matching, respectively. The
results showed that, as a result of PSM, the discrepancy between retirement and non-
Table 1. CES-D10 score change by retirement status between 2010 and 2012.
Retired between 2010 and 2012 Not retired between 2010 and 2012
Mean SD 95% CI Mean SD 95% CI t
Total
CES-D10 score gain 0.17 5.18 (–0.26, 0.59) 0.01 5.08 (–0.11, 0.14) 0.68
CES-D10 score 2010 7.41 5.51 (6.96, 7.87) 7.53 5.64 (7.40, 7.66) 0.47
CES-D10 score 2012 7.61 5.56 (7.15, 8.07) 7.31 5.38 (7.18, 7.45) 1.24
Male
CES-D10 score gain 1.14 5.11 (0.56, 1.72) 0.01 4.77 (–0.17, 0.19) 3.86���
CES-D10 score 2010 6.45 4.85 (5.90, 7.00) 6.92 5.39 (6.73, 7.12) 1.46
CES-D10 score 2012 7.60 5.55 (6.97, 8.23) 6.66 5.03 (6.47, 6.85) 3.04��
Female
CES-D10 score gain –0.93 5.05 (–1.54, –0.32) 0.02 5.29 (–0.15, 0.19) 2.82��
CES-D10 score 2010 8.49 5.99 (7.77, 9.21) 7.97 5.78 (7.80, 8.15) 1.42
CES-D10 score 2012 7.62 5.59 (6.94, 8.29) 7.79 5.57 (7.61, 7.97) 0.50
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retirement groups in terms of age (t = 2.40, p = 0.016), gender (Chi-squared (1) = 23.9,
p< 0.001), and marital status (Chi-squared (1) = 4.61, p = 0.032) became insignificant after
the matching, which indicated the PSM being effective.
Table 3 shows the relationship between retirement status and level of depressive symptoms
based on different analytic approaches, including regression without covariates (OLS), regres-
sion with a set of relevant covariates (OLS adjusted), and propensity score matching (PSM).
Results showed that, with PSM models involved, there was no significant difference between
retired and employed groups in terms of their CES-D10 scores’ gain in average treatment effect
among the retired group (ATET) (B (SE) = 0.44 (0.29), p = 0.125). However, the results showed
that this retirement effect on CES-D10 score gain was different by gender. Specifically, the rela-
tionship between retirement status and CES-D10 score gain was significant for males (B (SE) =
0.75 (0.36), p = 0.037) but not for females (B (SE) = –0.57 (0.38), p = 0.135) (Table 3).
Discussion
In this study, the impact of retirement on depressive symptoms was analyzed using a CES-D10
score. In results, the CES-D10 score did not show a significant difference between retired and
employed groups, but the result differed by gender. The CES-D10 score increase during the
retirement process was larger in the retired male group than in the employed male group. On
the contrary, CES-D10 score did not show any difference in the female group. Further, regres-
sion and PSM were conducted to minimize the selection bias between the retired and
Table 2. Covariate balance before and after matching.
Variable Category Before matching After matching
M SD t p M SD t p
Age Not retired 66.2 10.7 2.40 0.016 66.8 9.5 0.94 0.349
Retired 67.3 9.1 67.3 9.1
Self rated health Not retired 3.0 0.9 0.05 0.962 3.0 0.9 1.02 0.307
Retired 3.0 0.9 3.0 0.9
CES-D10 (2010) Not retired 7.5 5.6 0.59 0.557 7.2 5.4 0.55 0.584
Retired 7.4 5.5 7.4 5.5
% Chi-squared p % Chi-squared p
Female
Gender1 Not retired 57.7 23.9 <0.001 46.8 0.02 0.878
Retired 47.2 47.2
Married
Marital status2 Not retired 76.4 4.61 0.032 83.3 1.66 0.198
Retired 80.3 80.4
Urban
Urban3 Not retired 74.6 1.08 0.299 75.7 0.10 0.757
Retired 76.6 76.6
1 2 3 1 2 3
Education4 Not retired 47.0 16.8 26.8 5.06 0.167 46.2 18 25.4 1.30 0.730
Retired 47.6 16.2 24.3 47.6 16.2 24.3
1, 2, 3, 4: Reference categories of gender, marital status, urban status, and education were male, not married, not urban, and college degree or higher, respectively(% not
shown)
4: For education 1 =“Elementary school graduate or lower”, 2 =“Middle school graduate”, 3 =“High school graduate”.
CES-D10, 10-item Center for Epidemiological Studies–Depression; M, mean; SD, standard deviation; CI, confidence interval
https://doi.org/10.1371/journal.pone.0212607.t002
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employed groups. OLS and PSM showed similar results. The CES-D10 score was higher in the
retired male group after retirement. Retirement increased CES-D10 scores after adjustment in
the male group. Conversely, the effect of retirement was not shown in the female group even
after adjustment.
Previous studies on the effects of retirement on health have reported mixed results [20].
Some studies showed improved health results after retirements. For example, one study found
that the subjective health status improved after retirement [21], and that retirement was associ-
ated with 11–13% reduction in headache prevalence [22]. On the contrary, other studies
highlighted the negative impact of retirement on health. For example, the risk of stroke and
myocardial infarction was increased after retirement [23]. The effect of retirement on mental
health was also reported as mixed. Statutory retirement and early voluntary retirement are
related not only to better physical functioning but also better mental health [24], and the use of
antidepressants decreased after retirement in a Finnish study [11]. However, other studies
found no significant relationship, or even a negative relationship between retirement and men-
tal health [25, 26]. For example, the prevalence of hospital treatment due to depression
increased after retirement. Retirement also did not reduce the prevalence of purchase of anti-
depressants [11]. Other studies found similar results; age-related retirement was not related to
decreased use of antidepressants [25]. For these variations in the effects of retirement on
health, some explanation is added. For example, one study emphasized the importance of the
timetable. In other words, early retirement could be bad for health, but on-time retirement
was not related to health disadvantages [27].
Gender differences in the impact of retirement on various health outcomes are noteworthy.
In this study, the increase in the CES-D10 score after retirement was shown only in males.
Females’ CES-D10 scores did not change after retirement. The difference by gender was also
found in other studies [28, 29]. For example, retirement was associated with physical dysfunc-
tion in both males and females in an Australian study, but the effect of retirement on psycho-
logical distress was limited only to males. Females were not affected by retirement in terms of
Table 3. Estimated effects of retirement status change between 2010 and 2012 on CES-D10 score.
OLS (N = 7,134) OLS (adjusted)a (N = 7,134) PS-matched ATETb
B SE (B) 95% CI B SE (B) 95% CI B SE (B) 95% CI
CES-D10 score gain
All 0.15 0.22 (–0. 29, 0.58) 0.12 0.19 (–0.26, 0.50) 0.44 0.29 (–0.12, 1.00)
Male 1.13��� 0.29 (0.56, 1.71) 0.90��� 0.26 (0.40, 1.41) 0.75� 0.36 (0.05, 1.46)
Female -0.92�� 0.33 (-1.57, -0.26) -0.56 0.29 (-1.12, 0.01) –0.57 0.38 (–1.32, 0.18)
CES-D10 score 2012
All 0.26 0.24 (–0.21, 0.72) 0.12 0.19 (–0.26, 0.50) 0.68� 0.28 (0.13, 1.23)
Male 0.94�� 0.31 (0.34, 1.55) 0.90��� 0.26 (0.40, 1.41) 1.01�� 0.41 (0.20, 1.82)
Female -0.19 0.35 (-0.88, 0.51) -0.56 0.29 (-1.12, 0.01) –0.39 0.41 (–1.20, 0.42)
Notes
a: adjusted for age, gender, education, marital status, self-rated health status, urbanity, and CES-D10 score in 2010
b: treatment-effects estimation for observational data, using propensity score matching method
CES-D10, 10-item Center for Epidemiological Studies–Depression; OLS, ordinary least squares; PS, propensity score; ATET, average treatment effects for the treated,
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psychological distress [30]. The reason for retirement was also found to be important in a
study; involuntary retirees feel worse health after retirement than voluntary retirees [31].
Studies on the relationship between retirement and health outcomes have been conducted
in Korea. One study asserted that involuntary job loss and voluntary retirement increased the
risk of cerebrovascular disease in males, although the effect of involuntary job loss was greater
than that of voluntary retirement [28]. In females, however, involuntary job loss did not
increase the risk of cerebrovascular disease. Also, the associations between job loss and health
risks were weaker in females than in males [28]. Another study found that the effect of retire-
ment on depressive symptoms was greater in cases of involuntary retirement than in voluntary
ones. In addition, females were negatively affected by the spouse’s voluntary retirement. On
the contrary, the males were not affected [29]. These results showed that the effect of retire-
ment differed by gender and by the specific circumstances of retirement in Korea
Health itself may influence decisions about retirement [21], so health status between retiree
groups and employed groups could be different. These could affect interpretation of the causes
of retirement. In this study, use of longitudinal data minimized the potential impact of reverse
causation, that is, that mental health conditions led to retirement. To adjust the effects of other
confounding variables, OLS and PSM were conducted and compared with each other. Both
models showed similar results. In males, the retired group exhibited high CES-D10 scores
compared with the employed group, and retirement was found to be associated with increased
CES-D10 score. However, in females, the CES-D10 score did not differ after retirement. Our
result reaffirms previous studies conducted in Korea and other countries which found that
depressive symptoms in retired males are more severe than in retired females [29, 30]. These
gender differences assert that the preretirement environment is different between genders.
Females focused more on home compared to males; therefore, retirement may be less stressful
for females than for males [31]. In other words, males may perceive job loss as social failure,
but females could move their attention from work to home [28]. This explanation on gender
differences may be reinforced by the tradition of patriarchal Confucianism in Korea [29]. In
the tradition of patriarchal Confucianism, males concentrate on the job, and retirement takes
away the motivation for productive activity in males much more than it does in females.
Although the tradition of Confucianism has weakened, our study was limited to 45-year-old
and older groups, and the traditional gender role still can be powerful in this age group [29].
In contrast, the results of this study are different from other studies showing that retirement
improves mental health [11, 24]. These could result from the fact that pensions and other social
security systems in Korea are deficient compared to other Organisation for Economic Co-
operation and Development (OECD) member countries [28].
Our study has some limitations. First, we could not classify voluntary and involuntary
retirement due to the limitation of data. Another limitation is that our study period was a rela-
tively short time. Because the positive effect of retirement on health is supposed to last only a
short time, even if positive effects exist, the health status of those in the retired group could be
worse. Indeed, gender differences might be driven by differences in labor market attachment
and selection into certain occupations could be considered in the future study. In this study,
by using nationally representative data and PSM, we found that retirement is associated with
depressive symptoms, which is different by gender. Retirement is related with an increase of
the depression score in males. In females, retirement is not related with an increase of the
depression score. Our study reinforces the assertion that retirement could worsen depressive
symptoms and could differ by gender. Therefore, male retirees’ well-being could decrease and
their medical expenditures are likely to increase. Intervention programs focused on the mental
health of retired men need to be actively developed and widely implemented.
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